As monocytes differentiate into mature macrophages, subsets emerge that exhibit stimulatory, suppressive or phagocytic potential. These functionally distinct subsets can be discriminated using monoclonal antibodies RFD1 and RFD7. As examples of all these subsets have been repeatedly identified within the macrophage pool in a variety of organs the overall functional capacity of this pool will depend on the relative balance of these subpopulations. This study investigates whether this balance present in mature macrophage populations can be regulated by the local influence of T-cell-derived cytokines. The dose-dependent effect of cytokines interferon-y (IFNy), interleukins (IL) IL-2, IL-4 and IL-10 on the phenotype and function of monocyte-derived macrophages was determined. Subsets of mature cells were quantified by identifying RFD1 + RFD7-stimulatory cells (Dl +); RFD1 -RFD7+ phagocytes (D7+) and RFD1 + RFD7+ suppressive cells (D1/D7 +). IFN-y and IL-4 increased the relative proportions of Dl + stimulatory cells and upregulated HLA-DR expression. IFN-y also increased the capacity of the mature macrophage pool to stimulate T-cell proliferation. IL-10 reduced the proportions of DI + stimulatory cells while promoting the differentiation of D7+ phagocytes and D1/D7+ suppressive cells. IL-10 induced changes also reduced the functional capacity of the mature populations to stimulate T cells in auto and allogenic mixed lymphocyte reactions (MLR). IL-2 had no effect on differentiation of monocytes. Thus IL-4 and IFN-y are seen to induce the development of stimulatory macrophages while IL-10 promotes differentiation of monocytes to mature phagocytes and suppressive macrophages. It is concluded that mature macrophage phenotype is 'plastic' and under the control of T-cell-derived mediators. Furthermore, within the differentiating monocytes, phenotypic change appears to carry with it functional change, thus retaining the relationship between antigen expression and activity in the mature macrophage populations.
INTRODUCTION
Heterogeneity among normal macrophages is striking. As well as their recognized role as tissue phagocytes there are subsets of macrophages that induce T-cell responses (antigen presenting cells) and subsets with the capacity to suppress T-cell responses."12 These populations may be phenotypically discriminated using the monoclonal antibodies (mAbs) RFD1 and RFD7.'
The mAb RFD7 recognizes a predominantly cytoplasmic antigen that is present in mature tissue phagocytes but absent on inductive antigen presenting cells such as veiled cells, Langerhan's cells and interdigitating cells.4 RFD1 is a mAb that sees an epitope within the major histocompatability complex (MHC) class II complex with restricted expression to cells known to be stimulations of T cells.4 These monoclonal antibodies have been used in this laboratory and by many other independent workers5-8 to discriminate sub-populations of macrophages within the overall mononuclear phagocyte pool. Such studies revealed that one set of cells morphologically identifiable as macrophages expressed both antigens seen by these two mAbs. 9 These cells have been demonstrated in vitro to exhibit a suppressive function in relation to T-cell stimulation.39"0 Within normal tissues a balance of these three sub-populations can be identified" and gross changes to this balance have been observed in a variety of clinical conditions.'2-'6 With the existence of these functionally distinct populations it is clear that the overall capacity of the macrophage pool within any environment will be dependent on the balance of these three different types of cell. Thus regulation of this balance may be a crucial mechanism in sustaining homeostasis; and dysregulation may promote immunopathological dysfunction.
Many studies have revealed that cytokines released by T cells have a profound effect on macrophage function. On the one hand, cytokines such as interferon-y (IFN-y) have been repeatedly shown to induce macrophage activation in terms of increased microbicidal capacity,17 and increased antigen presenting capacity,'8 while others such as interleukin-10 (IL-10) have been shown to inhibit pro-inflammatory cytokine production by macrophages19'20 and reduce their antigenpresenting capacity by inhibiting co-stimulatory molecules.21 22 Other studies have revealed that IL-4, another T-cell derived cytokine, is able to induce class II MHC expression on macrophages, but inhibits the production of other cytokines. 23 
Statistical analysis
The effect of cytokine addition on macrophage phenotype (Dl and D7 expression) and HLA-DR expression was determined by analysis of variance (AOvA). The ability of macrophage populations induced by IL-10 and IFN-y to stimulate autologous and allogenic MLR was analysed using two-way ANOVA.
RESULTS
Monocytes exhibit phenotypic maturation in culture At harvest after 2 hr adherence (To) over 90% of cells exhibit the morphological characteristics of monocytes with a cell count of 1 x 105 cells/ml. The majority expressed CD14 and CD68 antigens while only minimal numbers expressed the antigens seen by mAbs RFD1 or RFD7 (less than 3% in each case). No cells at this time exhibited the double phenotype D1/D7+ (Fig. 1) . The cell count remained at 1 x 105 cells/ml during the culture period with viability of 90%. No significant cell loss occurred over 7 days and no multiplication of cells Approximately 80% of CD68 + macrophages expressed one or both of the Dl and D7 antigens. A concurrent decline in the proportion of CD14+ cells was observed (reduced to 10% of total) but no change in CD68 expression was seen (Fig. 2) .
Contact with cytokine is most effective when added at day 5 A pilot study was designed to determine the most effective time for cytokine contact in vitro. IL-10 or IFN-y each at a concentration of 10 ng/mi were added to monocytes cultures at progressive times during culture up to day 5. In all cases the cells were subsequently harvested for analysis at day 7. Both cytokines caused significant changes to the development of Dl + and D7+ cell proportions if added at the commencement of culture. Withholding IFN-y addition until day 5, however, did not significantly alter the influence of this cytokine on phenotypic maturation whereas the effect of adding IL-10 at later times of culture resulted in a progressive reduction of Dl+ cells and a significant increase in D1/D7+ cells (Fig. 3) . As IFN-y addition produced equivalent effects at all times of addition subsequent experiments used a 5-day time point for cytokine addition to give a standard time of 48 hr contact with all cytokines investigated.
T-helper type 1 harvested at day 7 for analysis. IL-2 failed to affect the phenotype of differentiating monocytes at any concentration used (Fig. 4) . IFN-y and IL-4 were both effective in increasing the proportions of DI+ cells while reducing proportions of cell expressing the D7+ phenotype. IFN-y was also seen to reduce the proportion of Dl/D7+ cells. Conversely, IL-10 significantly reduced the development of Dl + cells while increasing proportions of D7' and D1/D7' populations (Fig. 4) . These effects were dose dependent, requiring a concentration of at least 10 ng/ml. Increasing concentration to 20 ng/ml failed to increase the influence of cytokines on monocyte differentiation with the exception of the effect of IL-4 on DI + populations which were further raised by the use of this concentration. Direct comparison of Thl and Th2-derived cytokines at optimal doses revealed that IL-2 had no effect on differentiation (Fig. 5) , while both IFN-y (Thl-derived) and 114 (Th2-derived) increased proportions of Dl+ cells in the maturing monocyte population (Figs 5 and 6); while IL-10 (Th2-derived) down-regulated this population and increased proportions of D7+ and D1/D7+ cells (Fig. 6 ). To further investigate the paradoxical effects of the Th2-derived cytokines, IL-4 and IL-10, experiments were performed whereby both these cytokines were added to the monocyte cultures simultaneously. The opposing effects of IL-4 and IL-10 on DI and D7 expression cancel out when the two cytokines are used in combination (Fig. 6 ). Cytokine contact affects HLA-DR expression Expression of HLA-DR was measured in the whole macrophage pool after the peripheral blood monocytes had been cultured for 7 days. Cells cultured in the presence of IFN-y or IL-4 showed significantly raised expression of HLA-DR in both cases, while IL-10 addition significantly reduced HLA-DR expression (P<0-01 by ANOVA) (data not shown). IL-2 had no effect on HLA-DR expression. Overall however, these results revealed that membrane antigens known to be directly relevant to cell function may be modulated by contact with T-cell cytokines.
Modulation of monocyte differentiation may have functional significance Monocytes cultured in the presence of IFN-y or IL-10 for 48 hr were harvested at day 7 and admixed with autologous or allogeneic peripheral blood mononuclear cells (PBMCs). Cells treated with IFN-y promoted a five-fold increase in autologous MLR stimulation index, while those treated with IL-10 reduced autologous reactivity by over 50% (Fig. 7) . A similar effect of cytokine contact was recorded when allogeneic MLR was studied. 7 day cultures of monocytes untreated with cytokines produced a stimulation index of 3 9 when add-mixed with allogeneic PBMCs. This reactivity was increased to a stimulation index of 9-6 when IFN-y-treated monocytes were used as the stimulatory population; and reduced to a stimulation index of 2-4 when differentiating monocytes treated with IL-10 were used as the stimulatory population. (P<0-0001 using two-way ANOVA).
Thus cytokine contact promoting increased proportions of Dl + cells in culture (IFN-y treatment, see above) significantly increased the T-cell stimulatory capacity of the macrophage pool. Conversely, treatment increasing the D1/D7+ population (contact with IL-10) in culture resulted in suppression of T-cell stimulation when subsequently investigated in autologous or allogeneic MLR (Fig. 7) . However, the lack of any detectable effect of IL-2 would suggest that this is not a non-specific phenomenon and is thus under some form of regulation. The current data contain three fascinating observations. Firstly, a comparison of the effects of IL-4 and IFN-y reveals that cytokines derived from both ThI-like T cells (IFN-y) and Th2-like T cells (IL-4) can both promote the emergence of a macrophage pool with a dominant T-cell stimulatory capacity (by promoting the development of the Dl + phenotype). Secondly, a comparison of the effects of IFN-y and IL-10 (the latter promoting increased proportions of Dl/D7' cells) reveals that Thl-derived and Th2-derived factors can have divergent effects on monocyte maturation. Thirdly, the contrasting effects of IL-4 and IL-10 (both Th2-derived cytokines) emphasises the potential complexity of T-cell regulation of macrophage maturation.
Reviews of cytokine mediation of T cell/macrophage interaction32 do not necessarily take into account the possibility of differential effects on specific macrophage sub-populations. This question has been addressed, with the conclusion that Thl and Th2 cytokines may act on different macrophage populations. 33 The present study would support this, and go further in indicating that the overall functional capacity of a mature macrophage pool may be regulated by T-cell control of the relative proportions of functionally distinct subpopulations developing from monocytes. Previous observations that IFN-y up-regulates antigen presenting capacity18 and MHC class II expression34 while IL-10 blocks tumour necrosis factor-cc (TNF-a) production35'36 reduces microbicidal activity'7'37 and suppresses antigen presentation38 can all be explained on the basis of changes in the local development of dominance of one macrophage subset over another. Reports that cytokine-induced changes are greater on cultured rather than freshly isolated monocytes39 is consistent with the observations made here, that day 5 addition of cytokine was most effective. This could be taken to indicate that changes to macrophage phenotype and possibly function may be induced in relatively mature cells. Such a possibility could have major importance in understanding the pathogenesis of chronic inflammatory diseases where populations of macrophages constitute a significant component of the cellular infiltrates involved. For example, this laboratory has previously reported that the immunopathology in inflammatory bowel disease13 and in bronchial asthma16 are characterized by a gross imbalance in the relative proportions of phenotypically defined inductive and suppressive macrophages. This may be of particular relevance in the latter situation as local populations of suppressive macrophages have been seen to be an important regulator of T-cell activation at this site.39 Such control is mediated by downregulation of antigen-presenting cell function. 40 The results of MLR assays reported in this paper offer evidence to support the suggestion that IL-10 and IFN-y contact with monocytes can promote suppression or enhancement of T-cell stimulation, respectively. It could be suggested that such mechanisms could form the basis of cell-mediated immune regulation in situ. It might be concluded, therefore, that control of the balance of functionally distinct macrophage subsets represents a major role of T-cell derived cytokines. The fact that macrophages themselves produce cytokines such as IL-1, TNF-ax, transforming growth factor-# (TGF-f) and indeed IL-10 all of which are known to influence T-cell subset proportions and function41-44 would indicate that mutual regulation may be exerted between T cells and macrophages. It is tempting to speculate that cytokine driven two-way signalling between T cells and macrophages is designed to sustain the appropriate balance of subsets of each cell type in any given environment. The present data is germaine to this argument as it reveals a plasticity of macrophage phenotype and function under T-cell control, which in turn may regulate the reactive potential of the T-cell populations.
